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@> Fastening system for the wheels of an in-line roller skate. 
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@ The present invention provides a fastening 
system that is not subject to loosening and that 
is useful for attaching one member to another 
member. In a disclosed embodiment, the inven- 
tion provides means for mounting a wheel to an 
in-line roller skate (10) and comprises mutually 
engagable undulating surface patterns (160) 
disposed on a skate frame (12) side rail (20,22) 
and the bottom surface of the head of the wheel 
axle. The threaded fastener that is attached to 
the other end of the axle may also include a 
surface pattern that is mutually engagable with 
a surface pattern on the other side rail to pro- 
vide locking engagement between the threaded 
fastener and the axle head on both sides of the 
skate frame (12). 
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The present invention relates generally to a fastening system that is not subject to loosening and that is 
useful for attaching one object to another under conditions of substantial vibration and shock and particularly 
to such a fastening system as used for attaching a wheel to an in-line roller skate. 

5 BACKGROUND OF THE PRESENT INVENTION 

Skating on in-line or tandem roller skates is a fast-growing recreational activity. These skates usually 
include a synthetic boot and attached frame which rotatably mounts a wheel on each of a plurality of wheel 
axles that extend between a pair of parallel side rails. The side rails have opposed apertures through which 

10 each wheel axle extends. Each wheel axle usually has a bolt-like configuration and is inserted through the aper- 
tures of the side rails from one side thereof with the threaded end of the bolt extending beyond the other side 
rail. A nut is tightened onto the threaded end to attach the wheel securely to the skate. 

It has been observed that even well tightened nuts and bolts used to attach the wheels to the frame of an 
in-line roller skate tend to loosen as a result of road vibration and shock forces imparted to the bolts and nuts 

is during skating use. Such forces cause the tightened nuts and bolts to gradually loosen, and the nut, and in 
extreme cases the axle, may work free from the frame. Without regular inspections and tightening, such loosen- 
ing can cause deteriorating skate performance and eventually pose safety problems for the skater. 

It has been further observed that it can be somewhat difficult to determine when a nut has been tightened 
just the right amount to the threaded end of the axle. Failure to tighten the nut enough will result in its working 

20 loose more quickly than usual, while overtightening it can result in gouging damage to the frame as the nut is 
forced to cut into the frame side rail. Proper tightening is not a great problem during initial assembly of the skate 
by the manufacturer since torque wrenches can then be used to determine optimum tightening. It can, however, 
present a problem for the skater when rotating or replacing the wheels, or tightening a nut which has become 
loose, because a torque wrench will usually not be available. 

25 A partial solution to these problems is to use a bolt in combination with a lockwasher/washer to reduce the 
tendency of the axle to loosen, but loosening does still occur. The lockwasher/washer combination does not 
remove the need for a torque wrench, and the extra washers and lockwashers do add extra weight and add 
additional parts to assemble and inventory. In addition, such parts are easily lost during wheel rotation or rep- 
lacement and they add extra length to the axle and increase the risk of the more elongated axle scratching or 

30 gouging objects along the skater's path. Consequently, use of washers and lockwashers has not been a satis- 
factory solution. 

It would be desirable to have a fastening system for assembling a wheel to the frame of an in-line roller 
skate so that the wheel is not subject to loosening during skating use. It would also be desirable to have a fas- 
tening system that would enable the assembler, in particular, the consumer, to determine without a torque 
35 wrench when the threaded fastener was properly tightened onto the threaded end of the axle, thus avoiding 
the correlative problems of overtightening of the wheel axle with its potential frame damage, and undertight- 
ening the axle with the risk of premature loosening of the wheel. The present invention provides a solution to 
these long existing problems. 

40 SUMMARY OF THE INVENTION 

The invention comprises a new fastener and a fastener system that is not subject to loosening during oper- 
ation of the object to which it is attached. The fastener comprises a bolt having a shaft including a threaded 
end at one end of the shaft and a bolt head disposed at the other end of the shaft. The bolt head has a lower 

45 surface on which is an undulating surface pattern. This pattern contacts the face of the article into which the 
bolt is inserted and the face of the article is provided with a matching undulating pattern which interacts with 
the pattern on the lower surface of the bolt head. The lower surface pattern preferably has a periodic configu- 
ration and is continuous, though noncontinuous surfaces will suffice. The lower surface thus has a plurality of 
regularly alternating high and low areas. In a representative embodiment of the present invention, the configu- 

50 ration of the bolt head lower surface can be generally defined by a sine wave function such as: 
r fOF) = Asin(n¥ + 

where 

A = amplitude of the wave; 

n = the number of wave cycles around the annular surface, with n ^ 2; 
55 = the angular displacement around the annular surface of the bolt head; 
and 

$ = the phase angle. 

More generally, the lower surface of the bolt head can be described by the following equation: 
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g(r,<F + « = A(r)B(^ + «, 

where 

g(r,¥ + <|>) = a function dependent on r and ¥; 

A(r) = a function dependent on r, the radius from the center of the bolt shaft to the edge of the bolt 

5 head; and 

B(¥ + <|>) = a function dependent on 4 / , the angular displacement around the annular surface of the bolt 
head, where 4 is the phase angle. 
The article into which the bolt is inserted has a surface that contacts the undulating surface of the bolt head 
and includes an undulating surface of the same general configuration as the undulating surface of the bolt head. 

10 With such a configuration, the article's undulating surface and the bolt head undulating surface will mating ly 
engage as the bolt is tightened. As the surfaces engage, slight deformations of the article will occur as the high 
areas of the two undulating surfaces encounter each other, depending on the particular materials out of which 
they are made, with the maximum deformation occurring at or near the engagement of the peaks of the high 
areas of the two engaging surfaces. As the engagement of the high areas begins, that is, as the leading flank 

15 of one high area engages the leading flank of a high area on the other surface, the deformations begin and 
increase as the respective peaks of the high areas of the two surfaces near each other. As the peaks pass one 
another, each peak will engage the trailing flank of the opposing high area and the deformation will decrease 
until each of the peaks encounter the low area on the other surface, at which time the deformation will have 
substantially ceased. There may, however, be some residual compression in the article or the bolt or both, again 

20 depending on the type of material used for these component parts. 

The height of the various high areas should be sufficient so that the force necessary to turn the peaks of 
such areas past one another is generally in excess of those forces encountered by the fastener during operation 
of the skate. Thus the fastener will generally be inhibited from rotating, and thus loosening, once attached. 
When used on an in-line roller skate, such as those manufactured by the assignee of the present invention, 

25 the fastener system will include a skate frame having a pair of longitudinally extending, substantially parallel, 
spaced apart side rails. Each side rail has at least one axle aperture configured to receive the bolt shaft The 
frame includes a surface portion having a configuration conformable to that of the bottom side of the bolt head, 
as described generally above, and symmetrically disposed about the aperture. Where desirable to accommo- 
date a multiply positionable bolt within a noncircular axle aperture, the fastening system may include a plug 

30 member having a lug conformable to the configuration of the axle aperture and having an axle bore eccentrically 
disposed relative to the lug such that the plug is insertable into the frame aperture in a plurality of positions, 
thereby placing the axle bore in a plurality of positions, and thus disposing the bolt in a plurality of positions 
with respect to the frame aperture. That portion of the frame side rail surface encountered by the underside of 
the bolt head may then be configured to present an undulating surface which engages the undulating surface 

35 of the bolt head such that the bolt will be constrained from rotation when tightened onto the threaded fastener. 
Where the roller skate frame is interchangeable for use on left and right boots, both side rails of the frame 
can be configured with the undulating surface where the axle passes through the frame. Under these circumst- 
ances, a nut or other threaded fastener having a configuration similar to the lower surface of the bolt head may 
be used, and the undulating surface on the frame will prevent rotation of the threaded fastener. If desired, such 

40 a fastener may be used even if the frame is not interchangeable. 

The foregoing objects of the invention will become apparent to those skilled in the art when the following 
detailed description of the invention is read in conjunction with the accompanying drawings and claims. 
Throughout the drawings, like numerals refer to similar or identical parts. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 illustrates an in-line roller skate having wheels fastened thereon according to the fastening system 

of the present invention and shows a partially broken-away brake assembly arm; 

Figure 2 is an exploded perspective view taken partly in section along cutting plane 3-3 and showing the 
so fastening system of the present invention; 

Figure 3 is a cross sectional plan view taken along cutting plane lines 3-3 of Figure 1 showing a wheel 

attached to an in-line roller skate frame using the fastening system of the present invention; 

Figure 4 shows a cross sectional plan view of a threaded fastener useful in the fastening system of the 

present invention wherein a nut is encapsulated in a decorative anchor. 
55 Figure 5 is a plan view of a portion of an in-line roller skate frame or other article of manufacture wherein 

the fastening system of the present invention is used, the frame having undulating patterns in accordance 

with the present invention for mating with a multiply positionable bolt; 

Figure 6 is a plan view of a frame or other article of manufacture showing an alternate form of undulating 
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patterns; 

pattern!- fe 8 ViSW ° f 8 frame ° r ° ther 8rtiCle ° f manufacture showi "9 an a'temate form of undulating 
Figure 8 illustrates in a cross sectional plan view a frame and wheel with its various associated component 

" r e ™ou^ 

Figure 9 illustrates the frame and wheel assembly shown in Figure 8 wherein the axle has been tightened 
?T .? r ?I 0lut,0ns such * al * e s P° te of the bolt head undulating patterns are engaging the high 
spots of the frame undulating patterns, and further illustrates in exaggerated detail the deformation of vari- 
ous frame components from the resulting compressive force; 
Figure 10 shows the frame and wheel assembly of Figure 8 in a bottom plan view and 
Fgure 1 11 shows the frame and wheel assembly of Figure 10 showing the deformation of the frame as the 
axle is tightened so that the high spots of the corresponding undulating patterns are engaging each other. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

in J??* 8 T t0 STu 1, the PreS6nt inventi0 " 38 embodied in an in - ,ine roller s *ate 10 * shown. Skate 
« S ^ ratatebly m ° Unted f ° r rotati ° n in 3 COmmon plane " The *■"• 12 is n«irtd 

■Tn r ^ -ST^- V tt ' e Sh ° Wn b00t 1 6 P,0Vides 006 «*» of ^chment means for releasably sec- 
2 h t L ™ ! ! ' " Sh ° U,d bS underst00d that o*er boots, shoes, straps or clamps can be 
substituted, and are within the purview of the invention. . 

Frame 1 2 comprises longitudinally extending, parallel, spaced apart first and second side rails 20 and 22 
each of which has laterally inwardly extending mounting brackets 24 and 26 at the front and rear of the frame 

S2^ - K?T 2 ! ^ * e hSel 30> res P ectivel V ofboots °'«31 of boot16. Frame 12may be securely 
attached to boot 16 by any known means, such as by riveting or bolting the two together. Frame 12 is preferably 
manufactured of a synthetic material such as glass filled nylon and may be manufactured in one or more pieces 
3s ci ©s i rod. 

* m E3 h h S 'l e I 20 ' 22 in i dUdeS a " indiVidUal 3X,e aperture throu 9 h which an axle P asaa «. each axle passing 

L in r ?r a i b ° re 23 ° f Whee ' 14C ' an ° r0tatably Supportin 9 ona <* Plurality of wheels 
As shown m Figure 1 1 then, with each wheel that is carried by frame 12 there is an associated pair of axle aper- 

o h T 'I", 6 "? ' 9enera " y eon * onBn 8 one anotha r and coaxial with a wheel axle associated with 

each wheel 14 For example, as better seen in Figure 2, first and second side rails 20 and 22 each have an 
aperture 32, 34 respectively, through which a wheel axle 36 passes. Axle 36 rotatably supports wheel 14C As 

ITJUJ T TBS ' f 16 apertUreS h8Ve an ° bl0ng ° r oval «»fflB«ft>n. though circular (Figure 7) or 
o her configurations may also suffice. The non-circular apertures interact with axle aperture plugs such as 
plugs 38 and 40 described hereafter, to position the wheel in either a lower or upper position 

Referring now to Figure 2, axle aperture plugs 38, 40 are matingly received within axle apertures 32 34 

respectwely.Theplugs38,40eachhavealaterallyextending,generallyoblonglug42,44,respectivel^ 
outer penphery 46 48 is mateab.y frictiona.ly received and retained in each axle aperture 32, P 34, resp'ectivdy 

t « e jT k k T, 3 c! [* ' ength ,6SS tha " the thickness of the side rails 20 or 22 of the frame. Plugs 
38 and 40 each have a collar 50, 52 respectively, that extends radially outwardly from the its respective lug 42 
44 bears against the inner surface of the adjacent side rail, and provides a convenient means by which an 
installer can easily insert or remove the plug from the axle aperture when necessary to adjust the wheels 

An bore 54, 56 passes entirely through plug 38, 40, respectively and is sized to receive axle 36 therein 
The bores 54 56 are positioned eccentrically on the oblong lugs, which may have a spacer such as raised 
annular nm 58. 60, encircling bores 54, 56, respectively, and extending laterally toward the wheel 14C. When 

whS'c^ ^IT I ^ aP6rtUre 32> th8 annU ' ar rim 56 provides a wash ^ike mechanism 

which contacts the inner race of the adjacent wheel bearing and therebyassures necessary clearance between 

the outer race of the bearing and the side rail 20 of the frame. 

The use of the axle plugs as described allows the skater to rocker the wheels as desired; that is the skater 

STE^t Whee ' S f T e ' eVati0nS t0 enab,e him to skate on differe "t numbers of 

wheels. For a full explanation of the advantageous use to which axle plugs 38, 40 may be put reference mav 
be had to U.S. Patent 4,909.523 to Olson and to U.S. Patent Applications 07/057.056" JSiSSTS 
which are assigned to the same assigneeasthe present invention, whose teachings concerning the axleplugs 
the non-circular axle apertures, and rockering are incorporated herein. 

The apertures and plugs are shaped so the plugs cannot rotate between these two positions or orientations 
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without first being manually withdrawn from the apertures and manually rotated by the assembler. The oblong 
configuration of the apertures and the plugs comprise one type of anti-rotation means for selectively maintaining 
the plugs in predetermined orientation. It should be understood that the axle apertures and mating plugs need 
not be oblong or oval and could instead be square, rectangular, triangular or any other regular or irregular 

5 geometric configuration which resists unwanted rotation. All such anti-rotation alternative configurations are 
within the purview of the invention. 

Each of the axles rotatably supporting wheels 14A, 14B, 14C, and 14D is substantially identical. Thus, for 
example, axle 36, as shown is Figures 2 and 3, is formed by a bolt having a bolt shaft 62, a head 64 disposed 
at one end of shaft 62 and a threaded end 66 disposed at the other end of shaft 62. The head 64 is preferably 

10 provided with a wide, smoothly contoured top or outer side 68 having a countersunk alien socket 70, best seen 
in Figure 3. Axle 36 is passed through frame 12 such that threaded end 66 extends beyond the side rail 20. A 
threaded fastener such as fastener 72 is threadably received on bolt end 66. The head 64 and fastener 72 col- 
lectively comprise a clamping means on the axle by which the axle aperture plugs and wheel 1 4C may be tightly 
retained on the skate frame. When the bolt and fastener are tightened, the clamping effect forces the annular 

15 rims 58, 60, of the axle aperture plugs against the inner race of each bearing, thereby securely retaining the 
inner races of the bearings. The outer race of each bearing then rotates freely about the axle to permit easy 
and fast rotation of the wheels. 

As noted previously, an in-line roller skater can generate significant vibration and shock forces during skat- 
ing. These forces can cause the threaded fasteners currently used to secure the threaded end of the bolt, which 

20 most often comprise a threaded nut to work free thereof. The fastening system of the present invention prevents 
the fastener from coming unthreaded from the bolt end as well as prevents damage to the frame due to over- 
tightening of the fastener. Thus, a fastener in accord with the present invention will include a bolt head such 
as bolt head 64 having a lower surface 74 having an undulating surface pattern 76. Surface pattern 76 is com- 
prised of a series of alternating high and low areas 78 and 80, respectively. The high areas 78 are all of sub- 

25 stantially the same configuration, having substantially the same height. The low areas 80 are substantially 
identically configured, having substantially the same depth and may have the same, but inverted, configuration 
as that of the high areas 78. The surface pattern 76 must be periodic; that is, it must have an equal number of 
high areas and low areas equably distributed around the surface pattern 76. Preferably, surface pattern 76 will 
have at least two high areas and two low areas. The high areas may have a radial variation as may the low 

30 areas, but preferably will not have an angular variation. That is, the height of the peaks of the high areas 78 
may be varied along a radius r extending outward from the center of apertures 32 and 34. In other words, the 
peak height may be constant in a radial direction, or may increase or decrease as desired. As best seen in 
Figure 7, the circumferential width w of each high and low area may increase as the radius r from the aperture 
center increases. Surface pattern 76 is preferably regularly contoured, with the low areas merging smoothly 

35 with the high areas so as to not present a sharp, gouging surface to frame 12. 

By way of a preferred example only, the entire surface pattern 76 may have a sine wave configuration and 
may be described by the equation: 

(1.) fOF) = Asin(n¥ + 

where 

40 A = amplitude of the wave; 

n = the number of wave cycles around the annular surface, with n ^ 2; 

= the angular displacement around the lower side; and 
<t> = the phase angle. 

The angle Y is measured with respect to a predetermined reference axis established on the surface pattern 
45 76. Obviously, since the reference line may be established at any desired orientation with respect to surface 
pattern 76, the angle <|> may vary from 0 to nl2. In a representative embodiment of the present invention, the 
amplitude A may be about 0.0125 inches and n may equal 4. With such a configuration, the height difference 
between the peaks of the high areas and nadirs of the low areas will be equal to twice the amplitude and there 
will be four high areas and four low areas on the surface pattern 76, as shown in Figures 2, and 5-7. 
so As a representative embodiment of a surface having discontinuities, rf desired, each of the low areas 80 

may be simply a substantially flat surface and the high areas 78 may be flat In such a circumstance, the 
equation describing a surface having peaks having a sine wave configuration would be 
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(2,) f (♦) - Asin(n f), 

for n =4 and for some f = o 
to k/4; it/2 to 3ii/4 ; it to 
5rt/4; and 3*/2 to 7u/4; and 
f(t) = ±cA, 

for all other f, and where 
c=sin(«/4). 



More generally, surface pattern 76 can be represented by the following equation: 

(3.) g(r,«F + = A(r)B0F + 

15 where 

gf.r.'F + <|>) = a function dependent on r and *F; 
and = a fUnCti0 " d6pendent °" r " the radius from the centar of the 11011 shaft t<> the edge of the bolt head; 

hoa . ^ + = a fu " ctk)n de P e ^ent on <F, the angular displacement around the under surface of the bolt 
20 head, where <j> is the phase angle. 

fe^V 3 !' 6 "!" 9 ^?^ tt,e PreSSnt inVenti ° n <iJrther COmprises an artde - s "ch as side rails 20 and 22 of 
^e12.ntowh.chaxle36.s,nserted.Side rails 20and22eaoh have an undulating pattern 82. 83 respectively 

stzszsa rr n head surface pattem 76 - ,n *• embodiment *■•» ■<» ^ 

"ndulatongpatemswillbed^^ 

of ZZTLTkVT T °T 6 36> f0f PrinCipa " y aeStheBc purp0Se8 ' wi " be insert ed into the frals 
of both left and nght skates from the rail on the inside of the foot towards the inside rail. Undulating patterns 

ri^rt 0 " T i^T ° f ^ 12 Uler6f0re - T ° makS the aSSemb| y of the skat es simple? anTZ 
SET It eaS ", y interchan 9eable between either the .eft or right skate, undulating pat- 
M h « , rf Substant,al| y '""i** to u "d"'ating pattern 82 of side rail 20. It will be understood 

SfeS 5 Patlem M ^ 3,80 be deSCn ' PtiVe " the ""dating pattern 83 on 

of h^T^ 308 P f em 8 l ^ a " UndUlati " 9 SUrfaCe ° 0nfi9ured to engage surface pattem 76 

^ head 64 disposed around an oblong axle aperture, its description, while covering all cases generally, is 
complex. Thus, it ,s deemed best to describe first a simpler surface such as that surrounding a circular axle 

skate s,dera,l 86 thatdoes not allow rockering of the wheels. Aperture 84 is surrounded by an undulating pattern 
88 hav,ngasubstant,allycircularconfiguration,thoughoth e rconfigurations are within the purview oSpresem 
invention. Surface pattern 88 has a plurality of alternating high and low areas 90 and 92. respectively As Zwn 

L numhTn'r I ? T"^ "* " ""^ ° f PMks and ^V 8 ' "umber being equal to 
the number of peaks and valleys found on surface pattern 76 of bolt head 64. With a circular aperture such as 

Z7^~»2TV*T r ^ be 3 mirr ° r ima9e refleCti0n 0f surface »»«*" 76 of bolt head 
dicribe? 18 * eqUati0 " <1) 9iVe " ab ° Ve ' the " SUrfaCe Pattem 88 be sM'arly 

Referring now to Figures 8-11. a more complete wheel structure will be described to further delineate the 
present invention. The wheel shown and subsequently described is exemplary of the type T^ss^Z 
be used with he pr.nc.ples of the present invention and it should be understood that other wheel configurations 

oT„ S TST "? inVe " ti0n - ^ Whee ' Sh ° Wn in *• F * ures is deuced in greaterTta" 

Olson U S. Patent 4,909,523. referred to above. Thus, wheel 14C includes a resilient outer tire member 200 
molded to an mtegra central hub 202. Hub 202 ta comprised of inner and outer concentric hub rings 204 and 
206 jomedbyapluralrty of substantially rigid vanes 208. Innerring 204 has left and right bearing apertures So 
ill T h W h h,Ch . Substant,al| y 'dentical bearings 214 and 216 are respectively received and fnctiona ly 
;« h T 9 33 l Centra ' 3X16 b0rB 218 ' a " inner race 220 a nd en outer race 222. Bearings 2ll 

L7T £ reCe,Ve K the e o"f " 3 bearin9 SleSVe 224 S,eeve 224 has a generally cylindrical configu- 
rate and a cental sleeve bore 226 that closely surrounds axle 62. In the middle of sleeve 224 is a cenfral 
rased shoulder 228 that abuts inner races 220 of bearings 214 and 216 to space the bearings apart 
te „o ° P A erabvely ' S " rfaces 76 and 88 wai <**ely engage each other as axle 36 is turned into the threaded fas- 

unZr £trr T S and 1 °' 3X16 36 fe 3 re,axed P ° Siti0n: that fe ' the «« of the bolt head 
under surface 74 are shown engagmg the low areas of frame undulating pattern 83. Figures 9 and 1 1 illustrate 
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in exaggerated detail the effects of the compressive forces exerted on the frame and wheel assembly by the 
turning of the axle to tighten threaded fastener 72 on the threaded end 66 of axle 36. Thus, Figures 9 and 1 1 
illustrate the deformations that may occur in the various component elements of the frame and wheel assembly 
when axle 36 is tightened on threaded fastener 72. As the fastener 72 is threaded onto threaded end 66, axle 

5 36 is placed under tension while the components between bolt head 64 and fastener 72 are placed under com- 
pression. That is, while using an Allen-type wrench 71 inserted into socket 70, as threaded end 66 is turned 
into a threaded fastener such as a nut orfastener 72, high areas 78 of bolt head surface pattern 76 will encounter 
high areas 90 of undulating pattern 88 and the leading flanks of each high area, such as leading flanks 94 and 
96, respectively (Figures 2 and 7 respectively) will exert opposing forces on the opposing high area. These 

10 forces will have components which are directed substantially parallel to the longitudinal axis of the axle, will 
result in the compression of the axle-frame-wheel system, and will increase until the peaks of the high areas 
are reached, as shown in Figures 9 and 1 1 . The result is an increasing clamping or compressive force exerted 
inwardly on both sides of the frame. This force will cause a spring means 232, described hereafter, to deform, 
thereby eiastically absorbing the exerted force caused by the turning of the axle 36 with tool 71. Figures 9 and 

15 11 illustrate the position of axle 36 after it has been turned 1/2nth of a complete revolution. That is, when there 
are n high and low areas on the undulating patterns, turning the axle 1/n times a complete revolution will put 
the peaks of the high areas into engagement with one another. This is the position where the greatest com- 
pressive forces will be exerted on the frame and wheel assembly. 

Spring means 232 may comprise either threaded fastener 72, bearing sleeve shoulder 230, fastener plugs 

20 38 and 40, side rails 20 and 22, or a combination thereof, depending on the types of materials used for each 
. component. The force exerted by the tightening of the axle 36 will thus be taken up by elastic spring means 
232 lying along the axis of the axle 36. Spring means 232 will slightly deform or flex as a result. Thus, as shown 
in Figure 9, inwardly directed compressive forces act along the axis of axle 36. These forces are transmitted 
substantially therealong from the outer side of the side rails inwardly through the frame side rails 20 and 22, 

25 the axle aperture plugs 38 and 40, through the inner races 220 of bearings 214 and 21 6 and into bearing sleeve 
central shoulder 228. Shoulders 234 and 236 of annular rims 58 and 60 of aperture plugs 38 and 40, respect- 
ively, are slightly, but shown quite exaggeratedly, bowed outward by the compressive forces. Similarly, bearing 
sleeve central shoulder 228 is shown bowed outward in exaggerated detail in Figure 9 as the compressive for- 
ces are transmitted thereagainst. Inner races 220 of bearings 214 and 21 6 are shown slightly, but exaggeratedly 

30 displaced inwardly with respect to outer races 222. This relative movement of the inner and outer races 220 
and 222, respectively, is limited to the play that naturally exists therebetween. Lastly, threaded fastener 72 may 
experience an inward deformation of its outer surface at 237 and lug 106 thereof may be pulled inwardly to 
close a gap 239 between lug 106 and lug 42 of aperture plug 38. 

Figure 1 1 illustrates in exaggerated detail the deformation of frame side rails 20 and 22. As seen in Figure 

35 10 when axle 36 is in the rest position shown in Figure 8, bottom edges 250 and 252 of side rails 20 and 22, 
respectively, have a substantially linear configuration. In Figure 1 1 , edges 250 and 252 are deformed or flexed 
inwardly as axle 36 is tightened 1/2nth of a complete revolution, resulting in an obscuring of the aperture plugs 
38 and 40 by reason of the closing of gaps 254 and 256, respectively, between wheel 14C and side rails 20 
and 22, respectively. Figure 1 1 also illustrates the deformation of annular rims 58 and 60 of axle aperture plugs 

40 38 and 40. Figure 1 1 further indicates the inward deformation that threaded fastener 72 may experience along 
its outer surface at 237 thereof as well as the flexure of the side rails 20, 22 from their rest position as indicated 
by dotted lines 270, 272, respectively, which mark the unflexed or rest position of the rails in exaggerated detail, 
to their displaced positions 274, 276 respectively. As noted above, this rail flexure results in alternately nar- 
rowing and expanding of the gaps 254 and 256 as the fastener 72 is tightened onto axle threaded end 66. 

45 Figures 8 and 10, then, illustrate the frame and wheel assembly in its rest position while Figures 9 and 1 1 
show the same after axle 36 has been turned 1/2nth of a complete revolution. The compressive forces gener- 
ated during the tightening are absorbed by at least one of the spring means 230 disposed along the axis of 
axle 36 and then released as a restoring force to bring the surface patterns into a mutual, lockable engagement 
as the axis is turned another 1/2nth of a complete revolution to once again bring axle 36 into the relaxed position 

so shown in Figures 8 and 10. As the peaks of the high areas are turned past one another, the inwardly directed 
compressive force will decrease until the peaks are intermeshed with the valleys, thus placing the frame and 
wheel assembly in the relaxed position. As the peaks slide into the valleys, however, the elastic forces stored 
by the deformation of the various skate components will be substantially released and will act as a restoring 
force, thereby driving the undulating patterns of the bolt head 64 and the frame side rail 22 and the undulating 

55 patterns 1 12 of the threaded fastener 72 and that of the frame side rail 20 into tight, lockable, mating engage- 
ment with each other. The compressive force will not be completely released, however, since the fastener 72 
will have been tightened somewhat onto threaded end 66 and the clamping effect previously referred to will be 
present As the turning of axle 36 is continued, the compressive force will again be exerted until the apexes of 
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the peaks meet and then will again decrease as the peaks slide into the corresponding adjacent valleys of the 
opposing surface. Continuing to screw threaded end 66 into the threaded fastener will again force the high areas 
of surface pattern 76 and 88 against each other, again exerting an inwardly directed compressive force against 
the shde rails and again resulting in the types of deformations seen in Figures 9 and 11. Each time the high 
areas are turned into each other the force required to do so will increase until a noticeably excessive amount 
of force ,s required to turn the axle, thereby providing the assembler with a direct indication of when to stop 
This self-indicative system thus helps the assembler to avoid frame damage resulting from gouging due to over- 
tightening. 

,* • T i US ' * e i ax,e - frame - wneel system will experience an alternating compressive and relaxing force as axle 
36 is threaded into fastener 72. For each 1/nth turn of axle 36, then, the frame and wheel assembly will experi- 
ence a force resulting in the deformation of the component skate parts and then an elastic rebound of those 
parts to drive the undulating patterns into a close lockable engagement with each other. While generally a com- 
pression/release force, with fastener 72 the force is partly an extension/release mechanism. That is lug 106 
may be stretched, i.e., pulled or deformed into the axle aperture 32 as the high areas engage and then elastically 
rebound as the high areas engage the low areas. Additionally, the material disposed between nut 102 and the 
frame s.de rail will be compressed and then released through the same 1/nth turn described relative to lug 108 
The overall compressive force will continue to increase as the threaded axle end 66 is turned into fastener 72 
even though It will alternately be increasing and decreasing. Wheel 14C will be clamped increasingly tighter 
between rails 20 and 22 as the axle threaded end 66 is turned into fastener 72. With the present configuration 
for the axle threaded end 66 and fastener 72 to work free of each other, a force sufficient to overcome the out- 
wardly directed force exerted by the tightly clamped skate parts must be exerted. This loosening force must 
be sufficiently strong to reverse the rotation of the bolt head relative to the frame and to recompress the skate 
parts, i.e., the spring means 232, lying between the bolt head and the fastener along the axis of axle 36 Since 
skating generated forces are almost always insufficiently large, fastener 72 should almost never work free of 
threaded end 66 due to skating generated forces alone. 

While the deformation of the skate parts has been described as occurring in various portions of the skate 
along the axle axis, it should be understood that other portions of the skate may also deforni. For example 
s.nce the inner races 220 of the bearings 214 and 216 are usually made from steel, they will be incompressible 
relative to the synthetic materials utilized. Should a bearing be made with inner races formed of a softer material 
deformation, if slight enough to be tolerated structurally and operatively, may occur therein. Additionally the 
amount of deformation experienced by the various parts will depend on their relative abilities to deform elasti- 
cally. Thus, substitution of one material for another may result in changing the relative amounts of deformations 
expenenced between the various component parts lying along the axis of the axle 36. It should be understood 
ttiat the deformations described will be slight and that those shown in Figures 9 and 11 are exaggerated 
Additionally though not shown in the Figures, it can be expected that frame side rail undulating patterns will 
expenence deformation as the wheel is fastened to the side rails. Again, depending on the material used for 
the side rail it can be expected that the high areas of the undulating patterns will be depressed slightly each 
hme a wheel is attached anew to frame 12, and that, therefore, some of the compressive forces exerted on the 
frame will be absorbed by the undulating patterns resulting in a permanent deformation and wear thereof With 
a materia such as fiberglass impregnated nylon for the frame, however, it is expected that the undulating pat- 
terns could withstand well over a hundred cycles of loosening and tightening before the high areas would be 
so worn away as to require replacement of the frame, thus assuring many years of effective usage 

■w In ^IT^! 8 Skat6, thSn ' thS Skat8r WBI insert wheel 3x16 36 axle apertures 

32, 40 such ttiat the axle head 64 contacts a side rail and such that the threaded end 66 of the axle extends 
beyond the oth ers.de rail in position to receive the threaded fastener 72. The skater will then attach the threaded 
fastener and the axle threaded end 66 to each other by rotating either the fastener 72 or axle relative to the 
other to advance the threaded end 66 within the threaded fastener 72 so as to achieve a first level of tightness 
After having ach.eved the first level of tightness and encountering the initial engagement of the high areas of 
the corresponding undulating patterns, the skater then will apply additional force to overcome the resistance 
generated by the engaging portions of the surfaces of the frame and the rotating member. The engaging por- 
tions of the surface patterns thus constitute discrete rotation resisting barriers that are interposed between the 
rotating member, such as axle 36 or threaded fastener 72, and its corresponding side rail. Overcoming each 
discrete bamer provides an indication that another level of tightness has been achieved. Thus, overcoming 
havt beeTachTeve? " indiCati ° n * ** ^ " ^ aSSembler that «W*>nal. O^ater levels of tightness 

.. 11 ha T S u bee " ° Dserved that a soft but audib 'e click may be heaid as the peaks of the pattern slide into the 
valleys. This dick provides an audible signal to the person assembling the wheel to the frame that the fastener 
is getting tightly screwed onto threaded end 66 of axle 36. Depending upon the peak height, the assembler 
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may be told to listen for a certain number of clicks and then to stop turning as that number is reached. For 
example, where surfaces 76 and 88 are defined by sine wave type of functions and the amplitude equals .0125 
inch, the assembler should stop turning after hearing or feeling at most four or five of such clicks. The fastening 
system of the present invention thus provides at least two perceptible indicators of when it is properly tightened, 

5 namely, hearing the clicks and feeling the interactions of the engaging surface patterns. As a further indication 
of proper tightening, bolt head 64 may have a square configuration and the surface pattern 76 thereof may be 
disposed on bottom surface 74 so that a straight side of the bolt is aligned substantially parallel with some feat- 
ure of frame 12, such as frame bottom 13, when axle 36 is properly fastened. 

As previously noted, frame 12 is typically constructed to be attached to either a left or right boot. Since for 

10 aesthetic reasons it is desired that the same general image be presented regardless of which boot the frame 
is attached to, axle 36 must be insertable into frame 12 from either side. This requires both side rails to have 
undulating patterns for interaction with bolt head surface pattern 76. Having an undulating pattern on each frame 
side rail in turn requires threaded fastener 72 to have an undulating pattern 1 1 2 conformable to undulating pat- 
tern 82 of side rail 20 or to undulating pattern 88 when a circular aperture such as aperture 84 is used. As shown 

15 in Figures 2, 3, and 4 fastener 72 may be a one piece unit comprising a steel nut 102 encapsulated in a cover 
104 formed of a synthetic material such as nylon. Nut 102 has internal threads 106 that receive and retain 
threaded end 66 of axle 36, best seen in Figure 4. Fastener 72 further includes an anti-rotation means such 
as oblong or oval lug 108. Preferably, lug 108 has a periphery 110 configured to frictionally engage the side 
rail axle aperture, such as aperture 32 as shown in Figures 2 and 3, thereby enabling the assembler to place 

20 the fastener into position during wheel assembly and have it retained there. Lug 108 should have a thickness 
t, which is less than the thickness of the side rail; together, the thickness U of lug 108 and the thickness t 2 of 
lug 42 of axle aperture plug 38 should be less than or equal to the thickness t 3 of side rail 20 or 22. Lug 108 
includes an axle bore 109 into which threaded end 66 of axle 36 may be inserted for threading into nut 102. 
Lug 108 of fastener 72 depends from an undulating surface 1 12 of cover 104. When used in relation to a 

25 circular aperture such as aperture 84 of Figure 7, undulating surface 112 may simply be a mirror image of the 
frame undulating pattern 88. When undulating patterns 1 12 engage undulating patterns such as surface pattern 
82 of side rail 20 or 83 of side rail 22, the surface interaction becomes more complex. These surfaces are con- 
figured to be operable in either of the dual positions that axle aperture plugs 38 and 40 may be disposed, as 
fully discussed in the previously referred to U.S. Patent No. 4,909,523. As such, they are somewhat more com- 

30 plex since, like bolt head undulating pattern 76, they must be able to successfully engage the frame when plugs 
38 and 40 are in either of their two possible positions. As shown in Figure 2, plugs 38 and 40 are respectively 
disposed in side rails 20 and 22 in the lower position. Inverting the plugs would raise the center of the plug 
bores 54 and 56 relative to axle apertures 32 and 34, respectively, thereby raising the axle 36 relative to frame 
apertures 32 and 34. Thus, when a multiple position plug is used, undulating patterns 82 and 83 must be capable 

35 of accommodating surface pattern 76 of bolt head 68 and fastener undulating patterns 1 12 in either the upper 
or lower position. 

Fastener undulating surface 112 includes n high areas 114 rising above n low areas 116, each of which 
will engage a low or high areas respectively on undulating pattern 82 when threaded end 66 is received by nut 
102. Fastener 72 need not engage undulating pattern 82 as closely as bolt head surface pattern 76 engages 

40 undulating pattern 83 since lug 108 will prevent fastener 72 from rotating. If desired, the undulating patterns of 
fastener 72 and frame side rail 82 could serve as the anti-rotation means for fastener 72, in which case the two 
surfaces would need to closely conform to each other. Surface pattern 112 may include substantially flat sur- 
faces for low areas 1 1 6 if desired. 

Referring principally now to Figures 2 and 5, surfaces 82 and 83 will be described. Because they are sub- 

45 stantially identical, reference will be made only to undulating pattern 82, it being understood that the description 
is also applicable to surface pattern 83. Thus, surface pattern 82 has an undulating configuration of circumfe- 
rentially alternating high and low areas 120, 122, 124, 126, and 130, 132, 134, and 136, respectively. Low areas 
130, 132, 134, and 1 36 are substantially identically configured and should have a circumferential width sufficient 
to encompass high areas 78 of bolt head surface pattern 76 so that they will snugly engage each other. 

so . High areas 120 and 124 are substantially identically configured as are high areas 122 and 126. Area 122 
is only minimally engaged by bolt head surface pattern 76 when plugs 38 and 40 are disposed in apertures 32 
and 34 respectively with bores 54 and 56 in the down or lower position. Conversely, rockering the plugs so that 
bores 54 and 56 are in the top or upper position results in a minimal engagement between surface pattern 76 
and high area 126. Consequently, areas 122 and 126 can be configured as mirror images of high areas 78 of 

55 bolt head surface pattern 76. 

High areas 120 and 124, unlike high areas 122 and 126, are significantly engaged by bolt head surface 
pattern 76 when plugs 38 and 40 are in both the upper and lower positions. As such, their configuration cannot 
be a simple mirror image of the high area 78 of bolt head surface pattern 76; the circumferential extent of areas 
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120 and 124 must be narrower than that of areas 122 and 126 so that these areas can successfully engage a 
low area 80 of bolt head surface pattern 76 in either the upper or lower positions. In this sense, areas 120 and 
124 may be referred to as a minor peaks in comparison to major peaks 122 and 126. Were minor peaks 120 
and 124 of the same width as major peaks 122 and 126, they would not properly engage the low areas 80 of 
bolt head surface pattern 76. Figure 6 shows an alternative embodiment of an undulating pattern 1 40 surround- 
ing an oblong aperture 142. Undulating pattern 140 is substantially similar to undulating pattern 82 except that 
its surface is completely symmetrical with respect to the center of aperture 142 whereas undulating pattern 82 
is not completely symmetrical with respect to center of aperture 32. That is, as clearly indicated by Figure 5, 
major peak 122 has a greater radial extent than major peak 126. In all other respects, undulating patterns 142 
is identical to that of undulating pattern 82. Major peak 1 22 has a greater extent than major peak 1 26 because 
it has been found that most in-line roller skaters who have the capability of setting the wheel height as desired, 
will dispose their wheels on the skate frame such that they are all at the same height for the substantial majority 
of the time. Thus, Figure 5 represents undulating patterns wherein the particular wheel associated with that 
undulating patterns would be disposed in the upper position when all wheels are at the same height. If the wheel 
were to be disposed in the lower position, then the undulating patterns would be inverted. 

Referring now to Figure 1, the description of the frame and the undulating patterns will be described with 
reference to brake assembly 1 8. Brake assembly 1 8 comprises a brake 1 50 having a braking surface 1 52. Brake 
150 is held by a U-shaped member 154 having a pair of forwardly extending arms, only one arm 156 being 
shown in an exploded fragmented view. As shown, arm 156 has an undulating pattern 158 that conforms to an 
undulating pattern 160 disposed in association with the rearwardly most wheel 14D. Undulating patterns 158 
of arm 156 functions similarly to undulating patterns 82 and 88 as previously described. To provide a dose fit 
between arm 156 and frame 12, a mirror image undulating patterns should be disposed on the inner side of 
arm 56 to closely engage undulating patterns 160. Thus, in a manner similar to that previously described with 
reference to wheel 14C, wheel 14D and brake assembly 18 can be securely fastened to frame 12. If only one 
skate of a pair of skates has a brake, as is typically the case, then the rear skate wheel on the skate that does 
not have the brake will be fastened to frame 12 in the same manner as described with reference to wheel 14C. 

The various undulating patterns, such as surface pattern 76 and surface pattern 88 in particular, are pref- 
erably smoothly contoured, continuous surfaces. Such surfaces present no sharp edges that will result in goug- 
ing or other damage to the frame undulating patterns. U ndulating pattern 82 should also be smoothly contoured. 
It has been noted that discontinuous surfaces will also suffice; though certain surfaces, such as those represen- 
ted by a square wave, will obviously not work since there will be no ramping effect created by the peaks of the 
wave. 

The various frame undulating patterns described herein and shown in the Figures are shown as being 
raised above an otherwise substantially flat frame surface. The frame undulating patterns could, however, be 
disposed within the frame side rail such that little, if any, of the peaks of the high areas appeared above the 
flat surface of the side rail. This could result in a weakening of the frame and breakage in those areas, though, 
and is not preferred unless the frame is accordingly strengthened. 

While the present invention has been described as resulting in generally full facial engagement of the pat- 
ternsjt is not necessary that all portions of one member's undulating surface be in complete facial contact with 
the opposing member's undulating surface to achieve an effective lockable engagement Thus, the present 
invention contemplates engaging surface patterns where only selected portions of the patterns are in facial con- 
tact when they are engaged. As a first example only, when oblong axle apertures are used, such as apertures 
32 and 34, the pattern surrounding the apertures may be configured such that only certain portions of the 
undulating surface patterns may be in facial contact with each other. Thus, focusing on pattern 82 in side rail 
20 as an example, when the aperture plugs 38 and 40 are disposed such that the axle bores 54 and 56 are in 
the lower portion of the apertures 32 and 34 when plugs 38 and 40, respectively, are installed in the frame, 
only the bottom portion of low area 130 and the adjacent top portion of high area 128, the bottom portion of 
low area 132 and the adjacent upper portion of high area 124, and the bottom portions of low areas 134 and 
136 and the intervening high area 126 of pattern 82 will facially contact the opposing high and low areas of 
undulating pattern 112 of fastener 72. When the aperture plugs 38 and 40 are reversed, i.e., when the axle 
bores 54 and 56 are disposed in the upper portion of apertures 32 and 40, then the remaining portions of pattern 
82 that were not in facial engagement with the opposing areas of pattern 1 12 in the first example will now be 
in facial engagement while the portions of pattern 82 and their counterpart surfaces delineated in the first 
example will not be in complete facial engagement Top and bottom as used in this paragraph refer to portions 
of the undulating patterns measured in a plane perpendicular to the axis of axle shaft 36. 

Fastener 72 has been described as a one piece unit. Other known forms of fasteners, such as that des- 
cribed in U.S. Patent Application Serial No. 07/547,236, assigned to the same assignee as the present inven- 
tion, may include undulating patterns in conformance with the previously described invention. If desired, and 
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If the synthetic material forming cover 104 possesses sufficient strength, nut 102 may be excluded and threaded 
axle end 66 simply screwed into cover 104. 

Having thus described the present invention, other modifications, alterations, or substitutions may now 
suggest themselves to those skilled in the art, all of which are within the spirit and scope of the present invention. 
5 It is therefore intended that the present invention be limited only by the scope of the attached claims below. 



Claims 

10 1, A fastening system for attaching a wheel to an in-line roller skate, said in-line roller skate having a frame 
including first and second side rails, said side rails being provided for mounting therebetween at least one 
wheel having a wheel axle bore and each said rail having an axle aperture, said fastening system com- 
prising: 

a wheel axle comprising a shaft and having a head at one end of said shaft, said head having lower 
is and upper surfaces, said axle including a threaded end disposed at the other end of said shaft, said wheel 

axle being received within said wheel axle bore and rotatably mounting said wheel; 

said first rail including at least one undulating surface pattern positioned about said axle aperture 
and having n alternating high and low areas, where n S 2; 

said axle head having an undulating surface pattern on said head lower surface for selectively lock- 
20 ably engaging said frame surface pattern during rotation of said axle; and 

a threaded fastener adjacent said second side rail for threadably engaging and retaining said 
threaded end of said axle as said axle is rotated relative to said fastener. 

2. The fastening system of claim 1 wherein said undulating patterns of said first side rail and said axle head 
25 are substantially mateably engageable. 

3. The fastening system of claim 1 or claim 2 wherein at least one of said surface patterns is characterised 
by a substantially smoothly contoured surface. 

4. The fastening system of any one of claims 1 to 3 wherein said surface pattern extends circumferential ly 
about said axle aperture. 

5. The fastening system of any one of the preceding claims, and further including: 

a fastening plug including a collar and a lug, said lug configured for mateable reception by said axle 
aperture in said first side rail, said lug being inserted into said aperture from a first direction, said collar 
35 extending radially outward from said lug to bear against said first side rail, said plug including an axle bore 

configured to receive said wheel axle shaft. 

6. The fastening system of any one of the preceding claims, wherein said second side rail includes: 

at least one undulating surface pattern positioned about said axle aperture and characterized by 
40 m alternating high and low areas, where m S 2, said surface extending radially outward from said axle 

aperture of said second side rail; 
and wherein said threaded fastener includes: 

an undulating surface pattern lockabiy engageable with said pattern of said second side rail, said 
fastener surface pattern being characterized by a circumferentially extending, substantially smoothly con- 
45 toured undulating surface. 

7. A fastening system according to any one of the preceding claims, including at least one spring means dis- 
posed substantially along the longitudinal central axis of said axle, wherein attaching said threaded fas- 
tener to said threaded axle end selectively exerts an inwardly directed force on both side rails of said frame, 

50 said force being absorbed by said at least one spring means and then released to push said side rail 

undulating surface and said axle head undulating surface into mutual locking engagement. 

8. The fastening system of claim 7, wherein said wheel includes a hub mounting a pair of spaced apart bear- 
ings having inner and outer races and said fastening system further includes a bearing spacer for spacing 

5 5 said bearings and wherein said at least one spring means comprises said bearing spacer. 

9. The fastening system of claim 8, wherein said bearing spacer includes a spacer bore for receiving said 
wheel axle and further includes a central shoulder for engaging the inner races of said bearings. 
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10. The fastening system of any one of claims 7 to 9 when dependent on claim 5, wherein said at least one 
spring means comprises said fastening plug. 

1 1. The fastening system of any one of claims 7 to 10. wherein said at least one spring means comprises- 

at least one of said side rails, said at least one side rail being sufficiently elastic to flex from a rest 
pos.tion to a displaced position as said forces are exerted by the engagement of the high areas on said 
undulabng surfaces while attaching said threaded fastener to said threaded shaft end and to return to said 
rest positron as said forces diminish as the high areas of each said undulating surface engage the low 
areas of each opposing undulabng surface. 

12. The fastening system of any one of claims 7 to 1 1 . wherein said spring means comprises said threaded 
fastener. 

13. The fastening system of claim 12 when dependent on claim 10, wherein 

said fastener includes a lug insertable into said axle aperture of said first side rail from a second 
direcbon and wherein a gap is provided between the lugs filling said axle aperture; 

whereby applying said force causes said lug of said threaded fastener to be elastically urged into 
and out of said gap in response to tightening and loosening of said axle so as to define said spring means. 

14. A fastening system that is not subject to loosening during use and that is useful for attaching a first member 
to a second member, said fastening system comprising: 

a bolt having a shaft, said shaft having a head and a threaded end, said head having upper and 
lower surfaces, said lower surface being defined by a circumferentiually extending," regularly undulabng 
surface; 

a threaded fastener earned by said first member and engaging said threaded end of said shaft- 
and wherein said second member includes: 

an aperture configured to receive said shaft, said second member including an undulabng surface 
abutting and mateably engaging said lower surface of said bolt head and being configured substanbally 
identically to said head lower surface. 

15. The fastening system of any one of the preceding claims, wherein at least one of said undulabng surfaces 
is a continuous surface. 

.16. The fastening system of any one of the preceding claims, wherein at least one of said undulabng surfaces 
is defined by: 

fW = Asin(n V). 

where 

A = amplitude of the wave; 

n = the number of wave cycles; and 

V = the angular displacement around the lower surface. 

17. The fastening system of any one of claims 1 to 13 and 16, wherein n=4. 

1 8. The fastening system of any one of the preceding claims, wherein said undulating surfaces have high and 
low areas and said high and low areas of at least one of said surfaces each extend radially outward from 
said shaft. 

19. The fastening system of claim 1 8, wherein said high areas all have substanbally the same height 

20. The fastening system of claim 1 8 or claim 1 9, wherein said low areas all have substanbally the same depth. 

21. The fastening of any one of claims 18 to 20, wherein said high areas are substanbally similarly configured. 

22. The fastening system of any one of claims 1 8 to 21 , wherein said low areas are substanbally similarly con- 
figured. 

23. A fastener comprising: 

a bolt having a shaft, said shaft having a head at one end thereof and a threaded end disposed on 
the remaining end of said shaft to receive a threaded fastener, said bolt head having upper and lower sur- 
faces, said lower surface being defined by a circumferentially extending, regularly undulabng surface 
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24. A fastener according to claim 29, wherein the bolt includes the features of any one of claims 1 5 to 22. 

25. A method of fastening a wheel axle member to an in-line roller skate, said in-line roller skate having a frame 
including first and second side rails, said side rails each having inner and outer sides with said inner sides 

5 facing each other, said side rails mounting therebetween at least one wheel having a wheel axle bore and 

each said side rail having an axle aperture, said skate further including means for attaching said frame to 

an operator's foot, said wheel axle member comprising: 

a shaft having an axle head at one end of said shaft and a threaded end disposed at the other end 

of said shaft, said wheel axle member being received within said wheel axle bore and rotatabiy mounting 
10 said wheel, said axle member further including a threaded fastener member for engaging said threaded 

shaft end; 

wherein said method comprises the steps of: 

inserting said wheel axle member through said axle apertures of said frame such that said head 
contacts said outer side of said first side rail and such that said axle passes through said axle apertures 
15 and such that the threaded end of said wheel axle is positioned to threadably engage said threaded fas- 

tener; 

aligning said threaded fastenerto receive said shaft threaded end and rotating one of said members 
relative to the other of said members so as to advance said threaded end within said threaded fastener 
such that said rotating member reaches a first level of tightness against a said side rail; and 
20 after said rotating member reaches said first level of tightness against said side rail, applying force 

to overcome a plurality of successively encountered, discrete rotation-resisting barriers interposed be- 
tween said rotating member and a said side rail to indicate to the operator's perception that a second level 
of tightness is being reached and to prevent unwanted loosening of the member. 



25 



30 



26. The method of claim 25 wherein the resistance of each said barrier is selectively increased as said axle 
is rotated. 

27. The method of claim 25 or claim 26, wherein said barriers are reached at approximately ninety-degree 
intervals of a complete rotation of said one member and continue for approximately a forty-five degree 
interval of a complete rotation of said one member. 

28. The method of any one of claims 25 to 27, wherein 
said one member and said frame each include an undulating surface pattern; and 
said rotation resisting barriers are established by selectively engaging predetermined portions of 

the said surface patterns as said one member is rotated. 

29. The method of any one of claims 25 to 28, and further including the step of alternately compressing and 
releasing at least one spring means disposed substantially along the axis of said wheel axle as said one 
member is rotated and said rotation resisting barriers are successively encountered. 

40 30. The method of any one of claims 25 to 29, wherein the force required to overcome each said barrier 
increases while the barrier is being overcome and said one member is rotated. 
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